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(54) BEARING OUTPUT DEVICE 

(57)Abstract: 

PURPOSE: To provide a bearing output device capable of finding a direction 
free from an error due to inclination, even when the device is not in a 
horizontal state, and further provide such a device capable of showing a 
true bearing. 

CONSTITUTION: A bearing 8mg corrected for a measurement error due to 
a non-horizontal state is calculated by use of two types of earth magnetism 
information X and Y from a earth magnetism sensor 1 , inclination amounts a 
and ^detected with inclination sensors 1 1 and 12, and vertical direction 
earth magnetism information (z) obtainable from an earth magnetism 
vertical component output means 13. Also, a true bearing 0tr is calculated 
and indicated, using a deflection angle value D obtainable from a deflection 
angle value output means 5. 



* > 9 



















run I 




H 








■ T 


: ; Z :; 











LEGAL STATUS 

[Date of request for examination] 02.07.1996 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 300881 3 

[Date of registration] 03.12.1999 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



<19>B*a*mjT (JP) 02) !gf & $R (B2) (ll)fcHf## 

4$fFfl3008813^- 
(P3008813) 

(45)gBffB ¥J$12¥ 2/3143(2000. 2. 14) (24)g» B ^11^12^ 3 B (1999. 12. 3) 

(51)Int.a.' WWfflft F I 

GO 1 C 17/38 G 0 1 C 17/38 C 



BS#jP[©8t8 0£ 15 H) 



(21)dlH#^ 


«H¥7- 107124 


(73) tmmm 


000002185 




(22) {BUB 


^7^4^7 3(1995.4.7) 




JfcetfSiftJll&ltiSWII 6T§ 7 #35# 






(72)5!K# 






(65)&W#^ 


^^¥8-278138 




m^lBiB/IIK^.aill 6TB 7 #35^ V 


(43)4iWB 


¥J$ 8 4plO)!22B (1996. 10.22) 








<SSB*B 


5p^8^7^2B(1996.7.2) 


(72) 


«! 










«^«BiBll|^tiaill 6TB 7 #35^ V 
















(72) 












«^«5«r/IIK*ift;il 6TB 7 #35# V 
















(74)ftJ!A 


100086841 


(ni«) 













(54) [f&K©*#] *4fcttJ*SH 



1 

(57) [#f*fl!3j<©i5H] 

Clf*s l ] *¥© 2^7c*(^r'©«jse«tf $S=&m* 

stHT^^asm^ai. io 



2 

Wl/, 3 ft /dE&tigtf Wfcjfc D -cffiS&tmWtP 6 
!£ST£l8it*fa©ilS^1f$B£iI!RU BgfS^&Sft 

i-T SMUfl 1 (clstE©*fitil*«S. 
[»5|SB4] «|ffittB8«IBfilS#U^®Si. Site 

c i *ti*« i (cie*s©^im*^g„ 



3 

T&££fecc. Ml&ga#ffi^&3gJ>c£jc£ 
p , 3u§g 2 ^7c^iancaa<c» 3 ^Tc^^iotaeMt #r 
jfe mat- & c £ #r a zt&wm-t £ . 

iMEttata-fe source 2 &7c#rti©ttMB»f» 
$g£. fna«M-te>-»^-ctftmgnfc«w«<i:. Mia 
tae^-fe > »^a3&> 6 ©mraaar 3 £zssis©agggfi& 

^%£, 

6 ] *¥© 2 ;*^ffl-c©«i«»flHR*m2> 
Ub^lS£. 

TS«ftfI*iBttLfciB«aR**U Xtl 3 tltcm&fa 

g. 
g. 

C WW] 
[0 0 0 1 ] 

[0 o o 2 3 

-^KKOffttens &©■?>. tt»9iiitt <srT«iMfta 
Tgffl©fc©$-r&Bfci6ft-cv-&. cn^©3>/u 

«. mtf**jO©iffeJ|5©5n'r*fic*fSS±©aiJf$tc— 
Sc3-t±SC£-C. »J3E#Oflae*illfikl/A:0. ^»©1 



(2) nVf3 0 0 8 8 1 3 

4 

[0 0 0 3 3 m^-a>^£ur©«fig«iai 5tc?n3 
n-5>„ m^3>^x(jJtefiga-fe>-9-su3 i £*ru rtia 

3 3 tcfcOT ^ - * J$BK>JMBfc iTCSI^ 3 tiS J: 5 «c 

10 [0 0043 

[#Wtt«iBfc0J:5£T*»H] £C3x?. t©J:5ft 

£ . 3 >/< x#^-ra#fi ilt ©;|b«Mft r> r t, > 5 . 

C©/cfe. tfc0£a>^*£flH>T31£&g^«fT*fa 

ft €> fc *» -a fc. £ X#ffi©£tt«a £ «t « ft 5 

20 -5*D*KE£«iW3e3tifc«*tiK*fl/r«ft«-% 
1SiELfc^{4^f#S^*£ftS„ 

[00053 ic5*5, c©fl^»»?ff©tKflrr*>+# 
©£ft-?-ci>§. 

[0 0 0 6 3 Sfc. Jt*ffi£fiBWfi©a"C**«ft©fl 
tt«lSlk©i»Jr (il/Bflt) CCi^TSftoTfcO, 

■5. Wittfl 9 QO^tctet-tSiW^Ttt. <S^©fii«0 
30 14©J:5ft»ffittJ»£tt-»rt>-5. I314t*tife 
IK±tC«»»&«flftA«<r 1 0" *tc^L/ri»*fc©-C 

[00073 c©<t i <,cmnm\tmm±.-cm.mc^h 
-r*«^«3B£rraa"c«ftt>36i. »«ft£-c"7-A k 

»*ff«r*»5£Ur*. <Bft<iaft**n-5C£*i»b 
< v fflJEfP*BJ:9H«l£ft^o ff &UWift/1BlXlcj£ 
D /ciift ft «GA t /c^ft £ • * flt mmM L T *» *> ft t* ti 
40 Mft6ftl>. 

[0 0 0 8 3 3 6«:c©J;^ftlBft{cj;6*t«££^(c 
3>-'f^*ffll»5*B^©l«jH£L-C. jM09tC3>^ 
*i7k¥®«fc 5 m^tcmmv * 4 £ . ia.'J^te*5ciaM*5i 

H)¥ft £*K*sts-r 6 a -e©a >^tx«tt« 

wc*w»c m~>9m#&rjm £ ft * . m « 2 ** 

©@«MWift £*r. ^^ca >yf X*J*^PR1|{c«fctiS 
<t-5tc-r-SC£(cft^ 0 

[0 0 0 9 3 L*>Lft*i6C©J:^ft* 5 l i «^Sfll»1fi 
50 «tft«Kt'«Cft6S'4*»^*. a>v^©i?g£U-C©-9- 



5 

ft 4 c >jt S 4> © i>®% tcHJI-r -5 C 4 *5-e # t > 4 c >5 

jftaMtiw 4 a s . 4 c ^ #tti®fi©i8tEj&#©fiiBiifa 
a o fc*a £eiu»J9X i/ r » n«* . * it 

WEfH»4l/"C©W«4Wltt4(Otiteafcdt>. jt*a 

*it?*feC>4t»5t^iJlfcAj:-ori>/c„ 
[0011] 

es'j^3&s5jte4 a 4*fita^»«*a£3K u , 3 6 tc * 
@W4-rs„ 

[0012] C©fc£>:frteai*i£§£. *^©2^7t:^r 

^©itesa^tt^m^-r si&sa«-fe >*^«4 . 

*>6©«m£&mT£ffil4^>^l2£ia:W£. £ 30 
1c A/jgnfetiWRteg-^o-c. ISB^iai (=*guc*r 

S4*KW*. *Lr*B85l-b>^a*» 

$S4. «M-te>-9**anftmstite«iw«4. taemis 
iatS^tti**®* e. ©!Sie^iPi©ti&fiB^tg« 4 * > 

r * <t 5 k i/fc 0 . * fca A^j 3 nicm m/&&<Dffi m. 
cctso-c. »^-r^ifiii[*i*]©«!!i®mtf$R^iB«giJ-c^ 
#r * <t 5 k-t & l < b aa g ft/c^ g/aa© 

tf$8tCf£GrlSia*|fi]©tteil»t»$B?:©mT-2»g|5a4 0 

flats. $ fcttgjBBoatttHaaiK 4 it b. ± 
(7K¥©2;x7c^]r-©^fiSMtg-$g^tB^-r 
aattsigia^teffi^-r 3 ^aa©^agffi^M 

fflTSJ:5tC-r£C4fc-C£S. 50 



&Vf3 0 0 8 8 1 3 

6 

[0013] 36«:^fittH^»a:4o-c. ±mnmas 

■cx^fitiitw#is*»». Jwa»ins>-!f-*Ka>6©«iBi 
am*4. imt>ir^&-c&to2tiicmm±> mm 

£3ftfc»S/*l«©t»#RKf£;. c rfflft ffi£»tBT s gp 
fi4Lr^-c*^ 0 

[ 0 0 l 4 ] 

-C££ 0 8^Sti*^tt«:aiW»©t«jE*iSt3ti 
-ct,>&e4&cj:i), S'ISfii4LrK^{4*sa^:r-#^c 
4 cc a <o . ?fj^#*^iEit#)S 4'*?f a ^ ^>g« tt < a 

[0015] 

[mmm] wt. *^©*fiHi^g4a^^T-3> 
a > / ^ ©gi^ «c3fe4 o r . ^mmmx-m i>6n5»* 

(4H2>-5KC-OC»rai'H, -&©f^. 01-^8©SI56^!li 

asm-? 3 >-'^«:ot,^riftHj-r .s,, 

[0016] [®*&-fe>tf] ?l*{4i2>-9-©«jiCTS 
CW»fP*H 10-813 ri^BJ-r 0 1 0 «5S^{iH2 

($37T, .T1.T1.T4 *JPM»*|tirfCEB3*i-C 

fl/T, SSIttfli^TT, . T, . T, . T, 
©Pa1{c«B»fSiH©+> -^^G, , Gj , Gj . G, 

[0 0 17] SfcS^WaTT, . T 2 , T 3 , T 

+"t ^G, .G1.Gj.G4 «:«@ttiHb4L/r^ 

^ < 7 7s mm tfiftst 3 n £ J: 0 cc a 3 n r t,^ 
^>^-7'Gj .Gi.Gj.g, fci>r«. ^n'-^t 

MR,,, MR.i. MR,,, MR yi *5|234T-S„ MRir> 
1MWIR„. MR„BXW*|Sj^aiffl4 3ft, -£ft-efttf 

*frfii-rstig4a-s+> ^g, . g, fci2S3fts„ 

*fcMR-fe>-9-MR T1 . MR yi «Yf4*[°I^tBffl4$ 

ft, -?-ft-eft*5*jTfij-rs{4g!4as=f f ^7'g, , g, 

CClEg^n-So SMR-b>tMR„, MR X , , MR,,, 
MR„«, Sm&©m^JIV ce 4^7> FGN'DKft 



igSSft-CO*. -g-O-CSMR-fe^-FMR,,, MR,,, M 

r„. MR„^6«-e©asif* c t 3 .^^* :i e.m-^x 1 , 

[0018] cosB^fik-te^lfOSWBEKtfia l l ic^ 
SixZ. C<D^WmmiC*s^X . JStaRxn . R,,, « 
MRfe>tMR„t UT©«inj£5HCffliMU JgfnR 
»„ . R,,, tJMR-te^MRx, i L/TCDlSiSfiS^Cfl 
iST*. gfcigfJtR,,, . R,,, BMR-b>tfMR„i 
LTCDjeCxJfcftCCtBSU fifiiR,,, , R,„ (JMRt 10 

[0 0 19] S-rXtttcgaOTU. acC^n-Ti^fcMR 
iz>1?-MR„£&5Jg£iR xll CC^tbT^Hl^rnltc^'-r 
TX?58|?Hb^Epj]n$n > ifcMR-feVtMR,, <b&& 

8 0- g%SA^7Xll?-H b#Epflnsn&. i 31 ^ 
YtttcMUTW, MR-fe^MR^iSt-SffiinR,,, CC 

*t l r^en^rfii k ^' r x hi? h b #Efijjn £ n . * fc m 

R-tz>tJ-MR,,<!:&SJg5iR,,, icftLXlZ* ^EPT-if; 
TJ;^<:Miltl8 0' Sft^^7XlW-Hb 20 

mmznz. x*Mftmffl©MR-fe>-y-MR xl . mr,, 

<b. Y#^aiffl©MR^>-9-MR Ta . MR»,(cMtl>^' 

-frxsa^Hb (so-Hb) ©|S]#«. -en-en9 0 

[0 0 2 0] XIA^WWEiU-Ct*. MR-fe>tMR„ 
J&>6©1f#X, iMR-fe>-9-MR, i ^6©ff-^X J 

**. ntoig>sx«Hftmm*ta4. *fcY*M*Hi«pfE£ 

LTl*. MR'b>tMR M *>6©ifY, <bMR-te>1f 
MR,,*>6©ffi^Y, *S^S|JT>^A Y KfitJ&Sn. * 30 
©HKlT>7-A v ©ffl^tf. t»*>«5»SY*M*Wm*ia 

[00 2 1 ] CO«t^tt«j«{C*JC»T. MRH2>-*fMR 

x, . MR,,. MR,,. MR„tt, lSI?©^S{C<fcf3igt5t 
ffi*»*.t-r*«S8l£B0»»*«itrc>**:». 010© 

$£StH E ©ElttttfrfitCf&C/dBi l/TSMR-fe>tMR 

xi. MR U . MR,,, MR T1 *>6d-^X, , X, . Y 

, . Y, tmhtl. C©fE^X, , X, , Y, , Y, *> 

zm&<Dm>i><D-ca>Ztclb, #tCMR-te>-!fMR,,, 
MR,,, MR,,, UR yi (O^-CitM0^tiiWsi^^7 

£i$i'HTXM¥mh it/tMRt>tMR„, M 
Rx,. MR,,, MR, J &c£;iS<£'5K:LTt,>&/o5?>. & 
W&t&tB Stiffs i4ott>i. 
[0 0 2 2 ] 0 1 2-CMR4z>tfMRx,. MR,,. MR 

„. MR,,©#ttRo'xiii)^tnta^. Y«*am**» so 



SW30088 1 3 

8 

htcubvmtwmtwm? m 1 2©{t#5*MR-fe> 

1NCgig{Cfinfc£®J?©i8i3£mG. ifctfifttK-SMRHr 
>it©tetnfil©^b. RDWRt>lHcfii£«jic£?ftl/ 
/cJS^©tU^3ti^>ffi-^ (X, . X, . Y, . Y, > © 

[0 0 2 3 ] MR-fe>-^©igtnffi«. Efi*-r4<fc5«:» 

tNcfcW £ a^j© S /NRtf^ftiOfcifctai' W 7 
XH#Hb**i&SGC&S. C©/^7XlJfHbB, ± 
ifiOfci^tcSSSftttftaTT, . T, . T, . T, tcfll 

X?^^6tl^*>©-C*S 0 
[0 0 2 4] X#f©MR-b>tMR„, MR«,£Wc 

*if-cx*n*tna^«iff*ittwr«. ±ia©<t*s»3MR 
■b > -^m r „ k. wm 3 n & 7 x m t m r * > 
■^MR,,(cEifljn$ns^-frx?Kif*(Sji«m>K: 1 8 
o° seurn*. cct, «6«*H E ^Enftn^ns 

<t, MR-fe^MR,,. MRx^CjOtoSaS^^S.i^ 
©J:5«:%£. 

MR-fe>tMR„ : Hb+H t 
MR-fe>1f MR, 2 : -Hb + H t 

[0025] %ixs&v* 4 7 xaawHb *vm~rz> 
t, MR-te>-y-MR xl icwmzftzMmm 1 2©a>-e 

Trct^Vcmt^. cn(CJ;-5-CMRfe>-!fMRx,^6 

©ft-^x, £or«ia*®£or^TJ:5fcWEaE.i:a» 

ffi^)$*T.-5»„ *A:MR-b>-9-MRx 2 tcEnttl$n^fiSW« 

Hi 2©©T*7isTJ; Mc§t(bL. cnic±-?-rMR-fe> 
1fMRx,*6©fI^X, iLTWEItp^io-r^TJ:^ 
i&^J^{b^aj^$tl* 0 C©fI-*tX, (ft®) iff-** 
X, OSS®) ©HtfJ^Ui. HJftBIl 1 fCjBW&Mf&T 
>-7*Ax ©tti^J<bL--Cf#6^, t*ia$Xttftmm#£& 

[0026] cnec^tts^i or©x»^tiiaj^, 
YW^wm^j.*. i&BsmH t ©^etcarij^tu. -en 
-enH E sine, h E c o s didtrntz. se-sr, 

^S^'Yffl^JHl 3©i-5ic;3:«3. C©XtH^RO'Y 
[0 0 2 7 ]BH%. XtH^iYtli^©J:bX/Y«. Cti 

e.^H E sine, h e c o s eccitfi&lT&ci^e., 

s i n0/c o s 9t«totCi*5r^, S^oT. 
X/Y= s in0/cos0=tan0 

C<Dtc#>-fi{iLd tt 
0 = t a n" 1 <X/Y> 

(fc/cL. 0° ^9^180* ©6^X^ 0, 1 8° < 
6K3 6 0- ©i*X<0-C&-5) iLT. ii®«,H e 

©*{4e*»m-c**„ 

[0028] can (ommm] cai^««±©=t ^ &«6S6 



(5) 



tfgp 1 1 . tt&ffitttt 1 2 4 tflll8fiA*SP 1 3*»6#ljS 

[0 0 2 9] tfeStm-fe >-9"3i5 1 {*. ±IBLfc 2 ^tcCDMS 
S'JUIfl (xtt. Ytt> ccot»-coift«»«a i feff«t5Jtt 

*. Ya^Tft-5. C©XW*. YaAttMBrfidWl. 

as 2 (tews 3*1. tte?aaH E ©^fteasmnsn-s. w 10 

■&S*»{Ctt. ±15© 6» = tan" 1 (X/Y) 

fjk%n 4 ,c «j& 3 tit umm^ s n s c t ic ft s . 
2-c»as:nfcf^4a<t. iTO«A*^^a*$n?> 

SB^ftJc SIT 3 MiESSff #t?tt toft S fc© £ ft T t > 
•So iS*{4#agR2^P,a^J?n?»^j{40m 

&©r*£„ 

[0 0 3 1 ] «*H2>t«q 1 1 «, 0d*«>Siitt©$ttt 

ffi&w 6 n s «t 5 ft «jss«c i'-cn^-c * s . * ;tm « 

[0 0 3 2] C©fflM-fe>"9"gP 1 1 *>6©tfttWI-fttt« 30 

■swans. 1 2ic«i&3n€.„ fir. mmmn^i 2« 

*-T -SffiMSi Lttt. fft»»-fe >ifgp 1 OflHUms 
©Xtt£*¥ffi£©fSHC£DTC>5flI$4ftffia± 
^^©YWii*¥ffii©W«:*G-C^6Mi4fta/S £ 

[00 3 3 ] Sfcii&ttStffit&S^-z tt. SMKSlAAa. 1 
3*»6aBttr(iMta«2K«»3*a4. «&5HmA*SP 1 3 



0 8 1 3 

10 

ffltnuttc *$ w 6 mmsmmfm z * a*t s c £ k ft 

[0 0 3 4] HftffiSUHff2ttC<DJ:9Cc. «B»»-fe> 
1ft*l*»6<Dft#X. Y£ ££>(£. <®^H#gP^6©iS 

sK^-z iW5E*i#*¥tfl»-cfTfttoftfc<h or 

fc, *ti{cJ:SS^©ftt»at&(40m»*#U-J-$Ci 
(t ft C ©»#& 6i m g ©*a«fpi*#© «fc *> tctf ft 

[0 0 3 5] 7K¥^6ffi«,^«SS-C©*14©J«iEm 

«. «»iaE«s©xtt/Y#*. ^-n^n©i4i*¥ffi 

Ofetftga, /3£m>T7k¥*C&*li^8rr-o>C£CC 
<fc£. c©J^^^3 ; h/ct^©X$4^X , W£TS 
£. C©X' «ft£iH»ai'<» h;U£©J&-r#ffi#. 
*ffliE0fc*a*w-rci«:ft4. «J5©9E«»©XY¥ 
ffi?r*¥Eicffi«a!^-r £*J f) -c* So 

[0036] sr. itefism-<i' \-)i>*mmicmi£$titc 

im®mm& <x. y, z). tt«B»-fe>1f-»lCC«fc* 
mfMS^AMX, Y, Z) -C^Si-rSo X«©@0 

(X, Y, Z) 5i t (X", Y", Z") £ft9. C 
n»#© (tU ) 3*1-5. 

[»1 ] 







r 









0 

-sin/? 



0 
1 
0 



sin/? 
0 

cos/? 



[0 0 3 8 ] CC-CX' Y' ¥BBB. ^Brfttofe* 
[ft4] 

Z'= z 



A"' 
F" 
Z" 



1 

0 
0 



0 

cos(-a) 
-sin(-tz) 



0 

sin(— a) 
cos(-a) 



[003 7]*«CY«OH0K<3ia(E3*. X#^tK¥ 
StCST i . ffiS^ ( X ' Y ' ', Z ' ') «ffifl* 
(X' , Y' , Z' ) iftO. CtltJ^© (^t2) r-* 

t>3tlSo 

[&2] 







"cos(->^ 


0 


-sin(-yS)" 


"A""" 


r 




0 


1 


0 


7" 






_ sin(-/?) 


0 


cod-$ _ 


Z" 



ae-a-ciia («i) <«2>*fflt>*t. 

[&3] 



1 o 
0 cos a 
0 sin a 



0 

-sin a 
cos a 



50 



iftSo Se-7r*6^0AiailM©z^^t>^orti 
ntf. Z' ©ffi*5JI!E*n£ft<3. ±iB (»3) A>?»tlS'M 

«»-c©z©ffl*i. x. Y©ffi*>6§tir-e£5c<fcK:ft 

So 

[0 03 9] Tftt)^. Z' {to^TS*. 
CI&5] 



la 

Z'=-XSin0+ YCos0Sina+ ZCosfiCosa 

tU<0, C© <&5 ) ZZlC^XM*. <$H)£tt 

me) 

Z = - (z + XSinfi-YCosfiSina) 

Cos^Cosa 

T-#:©2>C4#f-C*4. C4rC, Z©<8£±ie (2&3 ) 

fhM' . V 3WfW-C*4Ci«Cft*. (ft 
3) CcfettSX. YOffitt. W£»»-fe>i»-»l *»6Hi 

[0 040] C CTtftWK. tt^mffi^^Bn-C 
©JttWa^f hiVJ««-i. »J3£3*ifcX©ffi (ft-^X) 

SB. X- . Y* (»7) 
[«7] 

r I" ^ 

f? = arctan — 



(fcKL, 0° ^emg^90- ©*§^«. fftW^KS 
[0 04 1 ] «±©«»«C*$I,»-C. Ma, 

mac 1 2 *> hm& 3 n . $ fcuwas© z «#©« »*. * 

flfl«AA»l 3*6#*&3ft*fc©r*Sfc«>. 

*M*MMc «fc ^M^^ffiiE L fcHDSft 0og««lilt»S 
C4*Jffl)WStlS. 

[0042] C © «fc 5 {C^HJSCT-CB, S8^{i»mgi5 2 
«C «fc o r «*ttRS8tC X &S£«ffijE L fcfifcfctfc 9mg# 

f#6n, cn3W*tt«*S4'Cfi^3nsfc«>. c©s 

g«& < & *3 > 8(^##«yS^©*¥tR!Sfcm£ 

©MiEf|-**?T& 5 < tc «3 . £S(c#flHH*J* 

5 c 4 a*r- £ S c 4 ic n £ . 
[0 043] £cfc. c ©£ttffl?Ktt»£l&igj£d-z * 
• jl— tf-^A^j-rsj: ^ccbrc>s*^ ctiBiiiii 

AbfiSSUfiiScdb^ z zmximmt 2 (ctt^-r £ «t 5 cc u 

*flfija#z©£ttfcl»fc». e©«fc5ecrse4-e3B» 

[0044] im2(D9mm] *mw<Dm2<Dmm± 



(6) 131*3 0 0 8 8 1 3 
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&Sm j P3>.K;*©t8j&£H2{C^-r. fc*>\ «T©& 
3WW©SWI«c:bi»T> SftipJj&©^JS0>l4|i!-©l»fi)tg 

©HfeWiSi l ©ISttW©#fcK:Jto;tT«ftffiA;*j» 
5, X#{4l?ag|53 £<§*£&©-??. cntcj;r»-c** 
JFtRJ8«:j:S»5E«a©JBTB«WCtt< . fii§fttci:3iffj 
£M£»IBfllU «!0±©^fitt-ScTS*^&?rH-i!W 

[0 045 ] «ftfiA^« 5 A^-TiC 
10 4#TS4»fl^*-«:«*.T:toD. a-lf-jWift 
ffiD*A2rC*<&<k9CcS*iri»*. o*0. a— if- 
ttffiJJPHc. *©fttfB*Wc*WS«ft«D*A2rt-* 
C4CC&S. £/c. «d5rfl[JKBffl2*e.B. JbKSn© 

mtm-vvmisftx *> «c*T^©flMsw:ssK»-3< ffi 

A**5fr6©fflftt^fcJl#te*lfl«3K:«te3*l& 

iDBiflft«D*6.RMetr4»lljL. *ti*#filL 
20 S^*4«:fltt&-r4. 

[0 04 6 ] «ft4ttj(*ft6> t r 4?&£{46>mg©g 

t?*o« -t©BHfiHsmtfH9©«t9ccaa. i>^mm 

±CDft4Ntr, a^fiib-C©4t^Nmg tL, 
m^3>^*^4J©Blft;£ftCCoi,>TltSy^-5£, 88 
3mi»UJ§|52trltLffi3n£?S#fi<9mg4 It7 0° 4 
C»5«##6*ifc4T4. fOt, -e©«'J5c«fi^-C«. 

/c^ii-c^.-5»6 4 , ' itts. 
30 [0047] mj;(mm&3-ci*. Mxttemetmn 

fflD#A*Sti4C4«:«:43&J. H9*»6H»3ti*J: 
Otc. sa^i40mg4fiftfiiD^»n#-rSC4-CX^{4 
9 t r*ffSC4*s-C*^„ *br**{4#Wgp3-cgt 
WSiifcK^ae t r «^fi^g|54{cet$&3*a. jl- 
1f-tCffi^3tl-?>C4K^§ 0 pdit«S9©0ll-rt,>pL 
«. MJ©!#K:6 4* 4C»9Jt&a«Sj^3ti«. 
[0 048 ] C©J: 5 (C2|s:JIS60dr*«3.— y-ti-eoaj 
EWRK * S «ft tt D £ AA Is T * & i^feHB 
Xylite t r4L.r«^Stl4fcft. *£*©.£ 5 ftSlTF 

40 3 nfctf* 6^ft mfr* e^-ctmt u ritea 4^-r s 

tt£©««taf«l«^FBitt4. fe%6^1©**tW 

nr t,»s tab. c ©n*s^i©^a tc i «d 

n«. iW3e#tt*¥MiEfP*"£«ft»iEf^©PI**«^ 
S(C^5 4>©-C*.5„ 

[0 04 9 ] Scfc. C©HifeCair-«<lftfflD?ra-if- 

*5A^^j:^(cL-rc^*5, ^.-rufeS'jsftccA^-r 

-5^-5 te«fiW S^*tttt < . {SftfiiA^gP 5 tc ^ * >J 
£BEgL-C*;#. a— tf-*$iftfflftffiD*A*l/fc 

so 6. **i*E«Lr % ©tati 3 tt?dgftfiiD£ 
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ffiB${c*sw^jL— *r-<DKt)<D^mm< ft&. 

[0 0 5 0] [ * 3 ©JSfeW #$SW©» 3 CD£JkM i 
[0 05 1 ] C©iS£. a— !f-eDliffi»i UT. tftft 

[0 05 2 ] C©fg-^la1t.gP8», #RBROMXBR 

s/ssk mi l tctmm&mdift z t <b# fit d * . n 

«itfiJE»z. «ftfiiD*»*HJ-rci36*-C*. a— tf- 
jMtfifltaWSifiKRfl-z . Wfttf DfcAaTSifcSttft < ft 

[0053] -ebTco«t^cc«i«awfflajss»z t^sft 

fit. Miu-,fc»^i.^- "f-rfe. iMfS 
A^j-r sci o#-cjEWft wewc * S J: 5 fcft 

So 

[0054] ft*$, z(onmm<D$g&mi: u, 
IBs nxmBsumixa z . d eettt s -e-efcw 

*fcfBtt»8tt, @fty*y3R^-%fflO*^B 
Bft < > #J*.B C D - ROMS i'©^ ^ y <fc 
5ftjfc*g-c4>«fc(,>. 

[0 05 5] [»4C«lfi«] H4tC»4©*«i«4a 
S«T-=i>^-^©fiJ^7n-r o C©j|j&60iJtt-t!2^3© 
IdSWcfc 6*. MfflSeBVl 0 

[0 05 6] ffltt&fiNP 1 0 tlttt, #RBG P S 
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( y p - isis 3 ~ > *f%s?> <r A ) ft <!: £ L/ T fcl 6 

to, Ai»a*>6©<f-*t*GPsy>7^T-gftu 

63iWElftBi OT©ltflE/aaE**BIT 

[0 0 5 7 ] W%C©SltSWCt*A— !f-*t»K/JiK 
£A7JOft<-t4>. iJffljarai OKj^raftrotc* 
fi©ttBE/«* **flgll U ch^^t'J MWS 7 (effete 

r & . * u -of * «j 7 b«*& s *xtdmymm.<o 
io icmt * Jti»£itti&j$£- z mmv\ m d ^tetesu 8 

©i«Stcj;SK^*sffiiE3n/c^(40ni ? aPfl&ti. 
3 6 fC^^M^tffi§|5 3 T'JO^i 6» t r W 3 ti . #{4 
^g^r^SftSC^tftS. •oS0C©HSSWC 
B. :x-1f--tta!S"S«C{5JiA?JOft<-Cfc. iESIft* 

[0 0 5 8] [fS5®Ht69t] H 5 lCil*5 

20 -OtftffWiOr. »a/«KA*SB6*J»W6n. ^ 
-1f-B#(ftM^*c*0J^t?0«flE/gflE*A*-r 
SCiCcttS. *LTA#3ftfaJt£/gK©fiIBiftaa 

D^-en-enis^a#asi52 <LK^{4#m§P3.c#t|&-r 

&£l£{Cft.5„ 

[0 0 5 91 * LTSBW{ft#a»2Ttt#*W«r<D 
^(40 t r*«tffl3tl. -€-©**fi0 t r***tt«S«B 

— tf-^a/isft^A^-r * c tofr-cjEmtefUj®. 

<DfflJ&fi-C # S <fc "5 ft . 
[0 0 6 0] C©HSfiCTCCfc^4fli!iSm/<S»fii8l»g|J 
14B, »flt/SK3&»e>«ll»«lfliaS»zilHftfflD* 
5fc«6-5C itcft-StoW-C-$>e* s . C©#ttj^ffiB^©J: 

[0 06 1 ]#r»tJHB, ^'^©^fgSWcJ: 
Ctt9] 



(8) 



W¥f3 0 0 8 8 1 3 
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tiQcs. fc/eu («9) if. rp,- ( M ) j r g „"ct) 

J r h „ ° (t) J rdJSOTfnij i * [flO] 



2"«! 



g >-m)!(l-^)" 
(n+ ra) ! 



V(0- V(««)+ *"."('-'•) 



= cos# 



£ m = l CO <h ^ m = 0 
= 2 CO <t # »i>1 



ni*^. mmm. to itmm^. &ct> . h 
ct) litfvxmm. s~ ct) , h — ct) tt*ipgEffc£-r 

[0062] i^T, JttMftWD:flft&<DfiS#N,, . m 
mil] 



E„ 

£fc*. ccr («i l) tc*»» attain* ©jS^z,, 

[0 0 6 3] *fctt«a©fift**«>*KB. flb£*tti& 
[»1 2] 



D = arctan 




©J:-5«cbT^6ti5o 

[ 0 0 6 4 ] o $ ») *HSgfJ©iffiatl/ffiftfii?S»S|5 1 
4B. sgffi/»ft#A:&3ftfc6. ^©ggAR^ 

ti©4t(^#©iiK^N„ &um^i^(D!S.^E H 

[0 0 6 5] [^6©XS6W Ht6©j|Jfc0!l£&S*^ 

30 3>^-^©«^ia6cc^-r 0 c©**swBJjajii5© 
ggttMtc *j a ^a/^ss'j^gB 6 £ . i o 

ar4©S6HiW4i5tt«:m«GPs*fflc»-cseK-r 

So 

[0066] wf^>c<DW&m-c\t^—^—f)m^s./ms. 
zAt>uiz<-ci>. wimmstii o lex-? x&whmcm 

-e*i{i^&»uigi52 £jfc&tt#waB3 

TX#{i£imSB3r^&6ftfcjt#{i0 t rjW&Stm 

[0 0 6 7 ] [»7<0l0fc*l] SB7©^8*W*EI7fCm 

SU^gp 1 5 *Rtttl>4. COttOMUKSff 1 5 tttftSg 
50 §vtz>-y-gl$l i©»©»««-fe>-!»"C«lSS-C*S. -^s 
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J; 5 tcgEg State 1 ;£rc;£tt2 ;X^©Jft88fl-fe>-9-£-r 
ft^^J;<,>,, *ltc©*MBSWJ5£»i 5*»&i4tt«etR 
^-e© z #-c©»»«ott ii/t ©ft # zmnsc 

£tc&£. 

SIH 2»<E>©fl^X, fiWY\ «»SBMB1.2*>&©fttt 
a, (8. aCJf*«BWWJ5E»l 5*»6m#z*m»r±K 
(IS! 3) KJcDX" , Y" , Z' CDSi4*»5Ci* 
"C* . ( ft 7 ) ©8BMB1K: «fc 9 ^¥t*MW©8M3£Cc 

[0 0 6 9] «A(N1MP9£LT. 05. 06© 

». 3 6(cimM«)fl4»o«»N, s^mr^©^ 

t»W*3^tt«ftffiD £5^(40 mKfr&JCSf ft 0 t 
ftSC£tt&:&„ 

[0 0 7 0] o*0 C©^iSP(|-C^. a— tf-tti'JSB# 

. bp % swi^ssp 1 o j&amft m*m q 

■ * fffUffllSB 7 , RtfSBltSB 8 «fc 5 tc LX 

[0 0 7 1] [&8©3gffiffl] #8©3tttffl&H8K:;n 
T. C©H«sW-CWi61Smi&iB^z . XtttHIMSSSS 
•C©JSiSBtlZI*fiS»Z*tftWr*BWatL/r. i4Szb/t 

gpmit&w &tin>tt<,>. fit, t«natmz«i^z 
7 ©»s#j i raa-c* a. 

[0 0 7 2 ] c ©fygPlTW, 0 1 0 (Cmt/fcJ: 5 ft 2 
^7C©i«mi2>-9-*Sil^CC9 0' @S3^SC£ 

»-fe>-**iai63-l±.5c:£-C. itt«BSlZNiJi!i^Z«Kttl 

r-t^>j;^{ct--5^©r-*^ 0 -eL-r^tB^n/cittm^ 
z Ndta z ttmjsvaum 2 icmsn^. 
ttiSP 2 « c n* Ettt-r s «t 5 5c -r 

[0 0 7 3] -£©f£n.— tf-{itt^»-b>tf©|lK<iCS 
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#£L-T©ff-S|X, f&#Y#f#<=>*l. iS^{4»mgP2(C 

Y £ IBtt 3 tit t » Sff-Ef Z > r ^^K¥«fii-C©l'J^ 
icj; SSUSfttfiR iE 3 titcmUH 0 m g £f# & <£ 5 5c L T 

[0 0 7 4] f L-CC(DMX(Aemg £. mftffin^Q 

g|33^«©;ftffiD£jMi0mg#>63t;frii0 t r£H 
fflU ^(OMyj&e t r*^fi*^g|54'C^3n?»C 
10 £(ctt&. -?2«ie©|i|J&SWlr£>, ^-if-liffiWiS 

[0075] y.±&m^mm*mwi>tc&, ^mmoyo 
ti, sfc*^©K D a „£b-cti. ai^m-?». ®w>fr®mm 

t£ £--&«©^©«-7-rJ £ l--C||3S-C# -5> 4>©r 
[0076] 

[*9I©S&*] «Jbf49! Lfc J: -5 Cc#ffflj©:#ttUtfJ« 
20 g«. ite^m-fe>f-*©*>e>©«!2^M«^£fSi4-fe>t>- 
*S*»6©«»4«. SCX«jfiS»§Sfifi5E^W*#^6© 
ISiS^!^©«SSS[m«f I . **^Ptt«t?©«!B£*c 

[0 0 7 7 ] 3 eicHHl'Ctt. (Bftiim**a^€>© 

30 — tf-*J«ft©l*iE*fTtt9^*««c< «c»). cn^cj; 
or««iH/fcai5e#r«:<rfe. iitn&R. Rfi^ft 

£©£X^«?ar-*>, ffl«3&»OiE*{cHttrfi[*»lSC£ 
[0ffi©f»i|i&i&93] 

[0 1] *#6^©0 1 ©HJfi«a|©S-T-3>7^^©>rD y 
[02] ^fl«2<D3«ttllO«f3W«O^B? 
[03] *^Bj©^3©HJfeFS©^=i>^ , x©^a 7 

40 

[04] *mi<0M4<Dm&W<D&3-^»'*X<D7'U ■> 
^0-C^-S. 

[05] *m}OflS5<D&ffln<DM?-zil'J*Z<D-7ny 
^0"C*-S„ 

[06] *^©06©J|J6^©m^=i>^ - x©ya > 

f07?*S. 

[0 7 ] *UiOf 7 OUtWlf 3>'^©y0 ? 

[08] *#6HJ©08©HJ6Fl]©^r3>^-x©^a > 
50 ^0r*-5>. 
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